of neurones i n the paraventricular nucl eus of the hypothalamus and its control. J. Physiol.,
It is known that specific areas in the hypothalamus are involved in this control (1, 7, 14, 17) and that there are central and strategically &placed peripheral tension receptors ( 15, 2 1 ), chemoreceptors (9, 16), and mechanoreceptors (26, 3 1) that participate in the regulation of food and water intake. The objective of the present study was to determine the possible role of another peripheral control mechanism. A number of investigators have postulated that there are receptors that lie within the portal vein or hepatic structures.
For example, a diuretic response to changes in the osmolarity of the portal vein blood has been reported by . He has suggested that some type of osmoreceptor is present in this area. Gauer (10) has likewise suggested that there is such a receptor in the hepatic portal system. The portal vein is the initial transport channel for most products of digestion, and Russek has proposed a number of receptors for this hepatic portal circuit.
He and his associates (27-30) obtained evidence of a monitoring of glucose concentration, ammonia, and the final breakdown products of protein digestion and metabolism by receptors in the hepatic portal complex. It was thought that the presence of osmoreceptors within the hepatic portal circuit might be detected by injection -.
of hypertonic solutions into the system and recording from the supraoptic and paraventricular hypothalamic nuclei which are thought to play a role in the control of body osmolarity.
Similarly, by recording from the ventromedial and lateral hypothalamic areas, it should be possible to determine whether there are glucose and proteoreceptors in the portal system capable of modifying activity in these regions of the hypothalamus known to control food intake (6, 7, 14-h
The preliminary findings of this investigation were presented at the American Physiological Society meeting in August, 1971 (33).
METHODS

Mature
male rats of the Long Evans strain, weighing from 250 to 300 g, were used. They were fasted, but given free access to water for 24 hr prior to the experiment.
Urethan (0.6 ml/100 g body wt; 25 %, weight to volume) was injected intraperitoneally to anesthetize the animals. A small (Clay Adams no. 10) polyethylene tube was inserted into the portal vein just before it branches into the various lobes of the liver. The size of this tube was such that it could lie within the vessel and be held in place by a surgical suture without impeding portal system flow, which approximates 10-l 5 ml/min. It was found that when the food-laden blood could not flow freely through the mesenteric veins, the gut area quickly became black with backed-up blood and the animal did not long survive. The carotid artery was cannulated for blood pressure recording; a Statham pressure transducer and Grass recorder were used for this purpose.
Taking advantage of the same ventral incision in the neck, loops of thread were placed around the vagi so that effects of vagotomy could be studied in certain experiments.
The trachea was cannulated to permit adequate ventilation after the animal's head was fixed in the head holder.
The stereotaxic apparatus (Baltimore Instrument Company) was so arranged that when the ear plugs were positioned in the external auditory meatus and the upper incisors were fit snugly over the upper incisor bar, 5 mm above the interaural line, the coordinates of the DeGroot atlas (8) could be used for accurate placement of electrodes in the hypothalamus. Once the head was rigidly positioned in the head holder, a midline skin incision was made and the dorsal surface of the brain was exposed in the region of the bregma* Microelectrodes could thus be introduced at several points. In certain experiments, the splanchnic nerves were also The rate of firing shown here was typical for the late after noon period. The lateral hypothalamic neurons responding to portal injections showed that activity varied with the time of day. A moderately fast, regular rate of from 10 to 25 spikes/set was typical of the morning hours. During the midday period, the cells were most frequently completely silent. A gradually increasing rate of discharge devel oped in midafternoon and reached a peak of from 30 to 40 spikes/set in the early evening hours. Considerable attention has been given to this fluctuation in the discharge rate in another article (32).
The fact of major importance to the testing carried out, however, was that the rate of cell discharge within 0.5-l hr was rel various atively con stant. The effect of portal injections of chemicals could therefore be assessed with a reasonable degree of accuracy.
Whenever a cell was found, the firing pattern was monitored for 5-10 min and only when it showed a regular rate of discharge, as in Fig. IC , were portal injections carried out and the change was observed. Occasionally cells showing very irregular rates of discharge were found in the lateral hypothalamus. Such irregularities rendered these cells unsuitable for assay of the effect of portal injection and were not used in this study. It was also necessa rv to hold a cell for a significant period before and after injection, but this too was not always possible. Testing was carried out on 195 cells quite successfully, and results reported were based on the response of this population.
Resfwms to glucose. Figure 2 shows examples of neuron responses to glucose injections into the portal vein. The rate of cellular discharges was increased in some cells and decreased in others by the same procedure.
This principle of opposite effects applied not only to different cells in a given experiment, but also to the same cell at various times of the day. Whether it was excited or inhibited depended on how the injection coincided with the pattern of "spantaneous discharges" (32). Neurons that responded to portal injection of glucose were most concentrated in the lateral hypothalamus but extended through the zona inserta into a part of the ventral thalamus (Fig. 3) . Such cells were scattered among others that did not respond to glucose. In the lateral hypothalamus glucose-responsive cells comprised approximately 49 % of all successfully tested neurons.
Strangely enough, no glucose-responsive cells could be found within the ventromedial nuclei.
Sucrose of the same osmolarity as glucose was used routinely for comparison. On no occasion did any hypothalamic cell respond to portal injections of this sugar, Re@mses to hypertonic saline. As shown in Fig. 4 , the results of portal injections of hypertonic saline were very similar to those obtained with glucose. Fig* 4 , B and C, illustrates responses of two different neurons in the same experiment.
Isotonic saline injections produced no change in the rate of firing (Fig. 4A )* Again these responsive cells were located in the lateral hypothalamus, interspersed with nonresponsive cells and extended into the same regions in which glucose '<sensitive" cells were found (Fig. 3) others were responsive to one or the other, but not to both. Also, certain cells were responsive to both injections, but in opposite ways. This is depicted in Fig. 5 , which shows in one cell a significant increase in firing rate with portal injection of saline and a decrease in firing rate with injection of glucose. Therefore, it is difficult to consider osmolarity as the determining parameter in these responses. The fact that the injection of sucrose of the same osmolarity as glucose did not affect the hypothalamic neurons, as stated previously, also supports this statement. Figure 6 compares the proportion of cell groups which responded to glucose and/or hypertonic saline injections. Twenty-five of the 195 cells successfully tested and which responded to portal vein injections were located in the zona inserta and ventral thalamus. These neurons had discharge patterns quite different from those of the lateral hypothalamic cells. Responsive and irresponsive neurons were intermingled, but cells selectively responsive to the different solutions were often found to lie very close together. In compiling these data, an increase or a decrease in rate of firing by 20 % over or below the preinjection control level for an average of 60 set was taken as an indication that recording was from a "responsive cell." All cells giving less than this change of firing rate were classified as nonresponsive. The basis for this decision was that variations in firing rates during control periods never attained 20 % either before or after recovery from an evoked response. It is apparent from Fig. 6B that approximately two-thirds of the cells tested responded to glucose or hypertonic saline or to both, whereas one-third did not respond to either stimulus.
In some experiments, effects of injections of glucose and hypertonic saline into the portal vein were compared with effects of similar injections into the general circulation via the jugular or a tail vein. The changes produced by these latter injections on hypothalamic neurons were insignificant, if they occurred at all. This led to the conclusion that glucose and hypertonic saline introduced into the portal circulation most probably affect hypothalamic neurons through neural pathways from receptors in the portal system or the liver, rather than through a direct action of these chemicals reaching the hypothalamus by way of the circulation. essential to the mediating of impulses from the portal system receptors.
In order to eliminate other possible afferent pathways from the liver, spinal transection was next performed at the level of T5 in a number of experiments.
After sufficient time was allowed for blood pressure recovery, portal injections were again attempted. Although the vagi were intact, no response was obtained to this procedure after spinal transection. Figure 8 shows one such experiment. It should be noted that the rate of cell firing did not change after the spinal transection.
The blood pressure was slightly elevated and to the same degree by the injection as before the transection.
To determine the role of splanchnics, direct stimulation of the greater splanchnic nerve on the ipsilateral side to the recording was attempted, once a responsive cell was located. Fig. 7C indicates the increase in firing rate of the hypothalamic cell under study when this nerve was stimulated; 10-v shocks at a l/set rate were used. 
